Idiopathic basal ganglia calcification (IBGC) is a syndrome in which bilateral cerebral calcification occurs despite the absence of abnormal calcium metabolism. A 17-year-old Japanese female was admitted for investigation of intermittent proteinuria from the age of 12 years. On admission, her blood pressure was 126/60 mmHg and her serum creatinine was 0.8 mg/dL. Although computed tomography revealed bilateral striopallidodentate calcinosis, her level of intelligence and neurological findings were normal, as were the results of endocrine tests including parathyroid hormone. Asymptomatic IBGC was diagnosed. Renal biopsy showed membranoproliferative glomerulonephritis. Peritoneal dialysis was started for end-stage renal failure when she was 24 years old. Pyramidal and extrapyramidal signs started to develop at the age of 27 years and progressed, resulting in death from aspiration pneumonia at the age of 32 years. Post-mortem revealed bilateral calcification of the basal ganglia, dentate nucleus, thalamus, and centrum semiovale. On light microscopy, there was circumferential calcification of the media and intima of affected vessels in the brain, including small arteries, small veins, and capillaries, and luminal narrowing was seen. On electron microscopy, layers of differing electron density were arranged in concentric laminae. This is the first report of IBGC with bilateral and symmetrical cerebral calcification accompanied by membranoproliferative glomerulonephritis resulting in end-stage renal failure.
Introduction
Extensive cerebral calcification may occur as an idiopathic condition or may be secondary to various metabolic diseases, including hypoparathyroidism, which has been called Fahr's disease or bilateral striopallidodentate calcification. Idiopathic basal ganglia calcification (IBGC) is a syndrome in which bilateral cerebral calcification occurs without an abnormal calcium metabolism. It is a very rare syndrome with an incidence of one per several hundred thousand, and there have been only a few case reports.
IBGC is often familial and has been reported to have autosomal dominant inheritance linked to chromosomes such as 14q13 (1-3), 2q37 (4) , and 8q21.1-q11.23 (5, 6) . Patients with IBGC often show slow progression from pyramidal symptoms to extrapyramidal involvement, cerebellar ataxia, and cognitive impairment (3, 7) . Here we report a case of IBGC complicated by nephrotic syndrome that required dialysis.
Table 1. Laboratory Data on the First Admission

Case Report
The present patient was first found to have proteinuria at a school screening examination at the age of 12 years. She was referred to our hospital for further examination of proteinuria at the age of 17 years. There was no family history of renal disease, genetic disease, or cerebral calcification. Her parents were not consanguineous. She was born via normal vaginal delivery at 39 weeks of gestation and weighed 3,745 g. There was no neonatal asphyxia and she showed normal development. However, a flat chest was detected at the age of nine years. Pectus excavatum was diagnosed and thoracoplasty was performed at the age of 15 years. Menstruation had not begun up to the time of admission.
When she was admitted to our hospital at the age of seventeen, she was 164.4 cm tall and weighed 49.8 kg. Her arm span was 166 cm (longer than her height), blood pressure was 126/60 mmHg, and pulse rate was 68/min. Her mental status was alert and oriented, and she had no episode of seizures. She had a long face, protruding jaw, spider-like limbs, hyperextension of the wrists, ankles, and knees, and bilateral atrophy of muscles in the forearms and legs. Cranial nerves were normal. Deep tendon reflexes were not increased, and there were no abnormal reflexes, extrapyramidal signs, or cerebellar symptoms. There was no subluxation of the lens.
Laboratory tests gave the following results (Table 1) : serum total protein was 7.0 g/dL, albumin was 3.7 g/dL, urea nitrogen was 21 mg/dL, creatinine was 0.8 mg/dL, calcium was 4.9 mEq/L, phosphorus was 4.9 mg/dL, parathyroid hormone was 3.3 mIU/mL (normal range: 1.6-4.4 mIU/mL), CH50 was 56 U/mL, C3 was 120 mg/dL, and C4 was 58 mg/dL. Urine sediment contained 1 to 5 erythrocytes per high-power field (HPF) and protein excretion was 7.55 g/ day. The cerebrospinal fluid showed no abnormality. The chest X-ray film showed no abnormalities apart from thoracoplasty. Hand X-ray films showed pisiform hypoplasia and her bone age was estimated as 12 years. Electrocardiography revealed no abnormalities. Computed tomography of the brain revealed bilateral calcification in the basal ganglia, thalamus, cerebral and cerebellar white matter, and dentate nucleus (Fig. 1a, b) .
Electroencephalography revealed epileptic abnormalities with a slow dominant rhythm and some delta bursts. Electromyography showed normal spontaneous activity and inscription voltage, but also revealed a myogenic pattern in the limbs and a mixed pattern in the legs. Her cerebral fluid was tested repeatedly, and showed no abnormalities.
Differential diagnosis
These tests did not show underlying conditions such as parathyroid hormone abnormality, infection of the central nervous system, or mitochondrial abnormalities. In order to explain her abnormal status, Marfan syndrome was proposed, since there was pectus excavatum, spider-like limbs, an arm span longer than her height (167 vs. 164 cm), and joint hypermobility (elbows, wrists, and ankles). However, she did not have blue sclera, lens subluxation, vulvar disease, abnormal skin elasticity, or curvature of the spine. Thus her disease was not likely Marfan syndrome.
IBGC has been reported with complications of mitochondrial encephalomyopathy, juvenile rheumatoid arthritis, multiple myeloma, sensory deafness, hypopituitarism, and diabetes mellitus. At this time, it was not easy to exclude the diagnosis of mitochondrial abnormalities, but chromosomal analysis showed normal 46, XX. Cardiac ultrasonography showed an almost normal study, and her liver was normal on computed tomography and blood chemistry test. Laboratory data did not show chronic inflammation that suggested chronic inflammation disease. Thyroid hormone, parathyroid hormone, ACTH, and cortisol showed normal levels, and calcium and phosphorus metabolism showed no abnormali- ties at that time. She did not show the characteristics of PO-EMS syndrome. In this case, there was no apparent systemic abnormality such as mitochondrial or metabolic disorders.
Renal biopsy was performed to investigate proteinuria and hematuria. Light microscopy showed thickening of the basement membrane and double contours along with mesangial proliferation in two glomeruli. The arteriolar walls showed thickening by hyalinosis. Immunofluorescence study revealed deposition of C3 and IgM in the capillary walls and mesangium, while IgA and IgG were not detected. Although these were not typical findings, a diagnosis of membranoproliferative glomerulonephritis was suggested.
Clinical course
Prednisolone was commenced from 30 mg daily, but was tapered and discontinued after two years because no improvement was obtained. A second renal biopsy was performed at the age of 22 when her serum creatinine level was 1.5 mg/dL.
Second renal biopsy
Light microscopic examination of five glomeruli showed diffuse thickening of the capillary walls and double contours. Hyalinosis of the arteriolar walls was more apparent (Fig. 2) . Immunofluorescence study showed depositions of IgM and C3 in the mesangium, while IgG and IgA were negative (Fig. 3) . Electron microscopy revealed mesangial and subendothelial deposits, as well as circumferential mesangial interposition (Fig. 4) . Accordingly, an untypical type of membranoproliferative glomerulonephritis was diagnosed.
After the second renal biopsy, oral prednisolone was again administered at 30 mg daily. However, proteinuria persisted at 6-8 g daily and her renal function deteriorated. Eight months later, she required emergency hemodialysis because of congestive heart failure and a serum creatinine of 8.1 mg/dL. Continuous ambulatory peritoneal dialysis (CAPD) was started subsequently. The patient was able to manage CAPD herself initially, but bacterial peritonitis oc- curred several times over eight years. When she was 27 years old, gait disorder, bradykinesia, and drop attacks occurred. On examination, she was alert, but there was soft palate paralysis with slight disorders of swallowing and phonation. There was increased muscle tone, hyperextensibility, hypotonia, and increased deep tendon reflexes. Bilateral pyramidal signs were noted along with extrapyramidal signs, cerebellar ataxia, and a decline of intelligence. Disturbance of consciousness occurred and she became drowsy all day. At the age of 30 years, she was unable to stand back up after falling. She was also unable to manage CAPD by herself. Her intelligence quotient had decreased to 79, which was equivalent to that of a child of 12 years and 8 months old. She was admitted to our hospital with a fracture of the right femoral neck after a fall at the age of 32 years. Aspiration pneumonia was recurrent and total parenteral nutrition was started, but she died of respiratory failure due to aspiration pneumonia. Autopsy was performed.
Pathological findings
At autopsy, there was bilateral calcification of the basal ganglia, thalamus, cerebral and cerebellar white matter, and dentate nucleus (Fig. 5) . On light microscopy, there was circumferential calcification of the media and intima of cerebral vessels, including small arteries, small veins, and capillaries, and luminal narrowing was seen (Fig. 6) . Electron microscopy showed layers of differing electron density that formed concentric laminae (Fig. 7) .
There was nodular hyperplasia of all four parathyroid glands, indicating secondary hyperparathyroidism. Bone morphometry revealed mild renal osteodystrophy with an osteoid volume to bone volume ratio of 9.3 (<15)% and a fibrous tissue volume to total tissue volume ratio of 0.1 (<0.5)% (8) . Her kidneys were atrophic and contained multiple cysts. Congo red stain was negative for amyloid. Monckeberg's medial calcific sclerosis was observed in the aorta. Her ovaries and uterus were hypoplastic.
Discussion
The incidence rate of calcification of basal ganglia is reported to be 0.6% at autopsy and 0.3-0.7% on routine computed tomography scans of adults (9) . Idiopathic basal ganglia calcification is usually associated with minimal neuro- (10) . The conditions leading to secondary intracerebral calcification include hypoparathyroidism, nodular sclerosis, Cockayne syndrome, Sturge-Weber disease, LEOPARD syndrome (11), brain tumors, encephalorrhagia, cerebral toxoplasmosis, cytomegalovirus encephalitis, carbon monoxide intoxication, and radiation damage. This patient was diagnosed as IBGC because no such underlying condition was apparent.
IBGC has been reported with complications of mitochondrial encephalomyopathy, juvenile rheumatoid arthritis, multiple myeloma, sensory deafness, hypopituitarism, and diabetes mellitus, although the reason for these associations is unclear. However, there has been only one report of IBGC complicated by nephrotic syndrome (12) . Reynolds et al (12) reported a case of focal segmental glomerulosclerosis associated with basal ganglia calcification, and they identified duplication of the D4Z4 repeat on chromosome 4q35 as the cause. However, a Marfan-like physique, ovarian insufficiency, and retardation of bone age were not described in their report. The relation of IBGC and MPGN-like nephropathy was not clear, but calcification in the brain and MPGN-like nephropathy may have the same origin.
The mechanism of encephalopathy associated with cerebral calcification remains unclear. Examination of the brain, including macroscopic and light microscopic findings, revealed that circumferential calcification of the media and intima of affected vessels had a bilateral and symmetrical distribution. Electron microscopy showed a striped pattern of concentric laminae of calcification (Fig. 7) .
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